Objective: To assess patient radiation doses during cerebral angiography and embolization of intracranial aneurysms in a large sample size from a single center.
INTRODUCTION
Interventional radiological procedures have the potential to expose a patient to high doses of radiation, and, in particular, a high entrance surface dose of up to several Gy. There have been many studies investigating patient doses from radiation exposure, especially in cardiology and general interventional radiology (1) (2) (3) .
As radiation effects can be categorized as stochastic and deterministic effects, surface skin dose is important because of the potential for well-documented deterministic effects,with high doses. Direct measurement is desirable, but not typically practical because thermoluminescent dosimeters (TLD) are cumbersome with limitations in terms of practical use (4, 5) . An alternative is an indirect estimate of the radiation dose using a dose-area product (DAP) meter, which is common in modern angiographic systems.
While a single measured DAP does not provide dose optimization guidelines for balancing the medical benefit and risk of injury, a dose reference level (DRL) can give information regarding current practice in a hospital with respect to patient dose. DRLs are exposure levels not expected to be exceeded during normal diagnostic and technical performance of procedures typically set as the 75th percentile. Commonly used parameters for a DRL are DAP, number of exposures, and fluoroscopy time.
Previous studies in other countries have proposed and investigated DRL levels, and reported large variation within hospitals using different DRL guidelines (6, 7) . There is at present no published study of DRLs specific to Korea regarding neurointerventional procedures. Thus, a national reference DRL would improve the standard of care.
The goal of the present study was to obtain baseline data for a proposed local guideline for diagnostic and therapeutic DRLs in Korea by retrospective evaluation of patient exposure at a major academic center over a 1-year period. As the radiation doses show marked variation due to pathology and type of procedure, a more standardized examination protocol was focused on and selected for analysis. Thus, this study was limited to diagnostic cerebral angiographies and therapeutic embolizations of intracranial aneurysms.
MATERIALS AND METHODS
The study was approved by our Institutional Review Board. A waiver of the need for consent was obtained for this Health Insurance Portability and Accountability Actcompliant retrospective study.
From the angiographic database, in total, 739 diagnostic cerebral angiographies and 196 neurointerventional procedures were identified from the period January to December, 2012. All procedures were performed by a team of two experienced neurointerventional radiologists. A clinical fellow with experience of over 700 previous cases performed the diagnostic angiographic procedures while embolizations were performed in conjunction with a radiologist with over 19 years of experience regarding aneurysm embolizations. Diagnostic procedures performed for follow-up after clipping or coiling of an aneurysm were excluded. In total, 480 patients had intracranial aneurysms (331 females, 149 males). The median age was 57 (21-88) years. There were, in total, 439 diagnostic procedures and 149 therapeutic procedures. In 38 patients, diagnostic and therapeutic interventions were performed during the same session.
The angiographic system used was a biplane angiographic unit (Axiom Artis dBA, Siemens Healthcare, Erlangen, Germany) with a flat panel detector: A and B planes (48 cm) with variable fields of view of 42-32-22-16 cm. The total filtration was 2.5 (mmAl). The angiography unit had three pulsed fluoroscopy modes, of 10, 15, and 30 P/ s, of which 15 P/s was used most frequently. The system included a DAP meter. Variables collected were DAP (Gy-cm 2 ), fluoroscopy exposure time, and number of angiographic image acquisitions. As collected radiation doses will show a skewed distribution with extreme values and a long upper tail, a diagnostic reference level at the 75th percentile is appropriate. So with the acquired set of our data, the third quartiles were calculated and proposed as DRLs for our institution. Data were collected separately for AP and lateral views but were added together and compared for analysis. Pearson's r was used for statistical analysis regarding whether there was a significant correlation among DAP, fluoroscopy time, and number of images. In addition, 
RESULTS
The results, including the third quartiles, are presented in Table 1 and Figure 1 . Mean fluoroscopic time, total mean DAP (± standard deviation), and total angiographic image frames were 12.6 minutes, 136.6 ± 44.8 Gy-cm 2 , and 251 ± 49 frames for diagnostic procedures, 52.9 minutes, 226.0 ± 129.2 Gy-cm 2 , and 241 frames for therapeutic procedures, and 52.2 minutes, 334.5 ± 184.6 Gy-cm 2 , and 408 frames when both procedures were performed during the same session. The third quartiles, which may be set as a DRL, were 14.0, 61.1, and 66.1 minutes for fluoroscopy times, 154.2, 272.8, and 184.6 Gy-cm 2 for DAP, and 272, 276, and 535 for number of image frames in diagnostic, therapeutic, and both procedures during the same session, respectively. The proportion of fluoroscopic DAP in the procedure was 11.4% for diagnostic only, 50.5% for therapeutic only, and 36.1% for both during the same session. The amount of time spent using fluoroscopy was lower for diagnostic applications than therapeutic interventions. The overall mean DAP was 0.376 ± 0.125 Gy-cm 2 per image frame, and the mean fluoroscopic DAP was 1.467 ± 0.623 Gy-cm 2 per minutes.
The mean DAP for each three-dimensional rotational angiographic acquisition was 19.2 ± 3.2 Gy-cm 2 . On average, rotational angiography was used 1.4 ± 0.6 times/session (range, 1-4; n = 580). In the statistical analysis, the only significant correlation was for diagnostic angiography, in which fluoroscopic time was correlated positively with patient age (r = 0.544, p < 0.01).
DISCUSSION
Dose-area product can be used as an indicator of radiation exposure levels, from which medical follow-up for possible radiation injuries due to the skin exposure can be suggested (8) . The DAP meter uses a transmission-type air ionization chamber, mounted on the X-ray tube collimator; DAP is a function of the cross section of an X-ray beam and the X-ray exposure at the collimator (9) and the unit is Gy-cm 2 . Furthermore, using known estimated conversion factors from the literature (10), an estimated effective dose can be obtained. The precise estimation of local skin dose using DAP is difficult because the dose rates and field size changes differ among measured DAPs, but a correlation between high DAP and skin dose has been reported (5). Thus, DAP is more practical as the entire examination is conducted without effects due to beam position, in contrast to TLD. In addition, its use and monitoring are possible during and after procedures.
A recent study by D'Ercole et al. (7) proposed a local DRL regarding diagnostic and cerebral embolizations and compared these levels with other recently published data. Other more comprehensive studies have proposed DRLs for numerous radiological procedures; the data regarding Note.-DAP = dose-area product Tables 2 and 3  (6, 7 Regarding embolization procedures, our data showed comparatively lower DAPs, longer fluoroscopy times, and fewer angiographic image frames. We categorized our patient data into a separate group when diagnostic cerebral angiographies and embolizations were performed during the same session. This is the only published report with such reported separated data; it is possible that previous studies may have included these cases in the embolization group which might have slightly increased the reported DRL regarding embolization procedures. In the embolization group, the DRL for number of angiographic image frames in our study was significantly lower than previously published studies. This may be due to inclusion of cases with simultaneous diagnostic and therapeutic procedures into embolization cases, which may have contributed to the increased DRL in other reports.
An appropriate uniform dose index for use in all types of radiological examinations is difficult because some partial-body irradiation is inevitable (14) . There is a lack of standardization of radiation dose measurements; DAP, effective dose, skin dose, and air kerma are all used and dependent on the monitoring equipment available. Although DAP measurements cannot be used to evaluate individual patient risk, they may be used to estimate stochastic and deterministic effects by estimating the effective dose and skin dose. Although some consider effective dose to be inappropriate for use in epidemiological studies of radiation risk and assessment of the likelihood of the occurrence and severity of deterministic effects (15) , DAP values, as in proposed DRLs, are valuable in estimating radiation exposure and in comparing local DAP values with those at other facilities. Similarly, periodic comparisons of exposure parameters, such as DAP, fluoroscopy time, and numbers of angiographic frames, with newer equipment and protocols and periodic radiation monitoring may be possible.
Bogaert et al. (8) suggested cumulative DAP as an indicator of maximum skin dose. The probability of a maximum skin dose over 2 Gy-cm 2 is about 30% when DAP is > 125 Gy-cm 2 , and of a dose over 3 Gy-cm 2 is 60% when DAP is > 250 Gy-cm 2 . In our study, the maximum DAP was 792 Gy-cm 2 , indicating that this type of exposure does occur in practice. Struelens et al. (3) proposed a trigger level of 220-330 Gy-cm 2 as a threshold for deterministic skin effects (2 Gy). We agree in that we should be careful about drawing definite conclusions. Aroua et al. (6) reported that the associated DAP can exceed 1300 Gycm 2 in specific circumstances. In these high-exposure situations, a recommendation for clinical follow-up of potential deterministic effects would be of value. A wide spectrum of radiation dose is more common with cerebral angiographic studies versus other angiographic studies due to the complex nature of the procedures. Thus, it would be difficult to determine a single internationally accepted standard reference dose level.
Regarding the diagnosis and treatment of aneurysms, our results showed that rotational angiography was used 1.4 ± 0.6 times/session (range, 1-4; n = 580), and the average DAP for rotational angiography alone was 19.2 ± 3.2 Gy-cm 2 . In the diagnosis and therapeutic interventions for cerebral aneurysms, rotational angiography facilitates evaluation of the potential for endovascular treatment, permits finding a good working view, aids in performing accurate measurements, depicts additional aneurysms during an initial evaluation, enables accurate determination of stent positions during stent-assisted coiling, evaluates subarachnoid hemorrhage in the angiographic suite during the therapeutic procedure, determines status after clipping/ coiling, and provides baseline data for long-term followup (16) (17) (18) (19) (20) . Our study showed the DAP in rotational angiography to be similar to that during acquisition of antero-posterior and lateral angiography for a single vessel. This is the first study to report independent data for diagnostic, therapeutic, and combined situations. Analysis of the dose distribution with regard to fluoroscopy time and image frames may enable a reduction in overall patient radiation doses. For diagnostic cerebral angiography, the fluoroscopy time was shorter than that for therapeutic interventions because fluoroscopy was used mostly for catheter placement, resulting in a lower contribution to total radiation dose. The fluoroscopic radiation dose in therapeutic procedures was considerably higher than that in diagnostic angiography (11.4% vs. 50.5%), likely due to the complexity of aneurysm coil embolizations. To decrease total radiation exposure in cerebral embolization cases, decreasing the fluoroscopic time would be an effective method, because it is responsible for a larger amount of radiation compared with diagnostic cerebral angiography. For diagnostic angiography, decreasing the number of images and the radiation dose parameters per exposure may be more effective. Combining diagnostic and therapeutic procedures in the same session decreased DAP and fluoroscopic time. Thus, if a therapeutic option with an advantageous risk/benefit ratio is considered and appropriate informed patient consent is obtained, use of a combined approach can decrease the radiation dose.
The main limitation of this study was the use of one angiographic unit from a single institution to determine the DRL level. According to Marshall et al. (21) , a national DRL would require a minimum of 20 centers with 10 patients at each, for a total minimum of 200 patients. Against this, our study included data from > 500 procedures. Moreover, we believe these results are of value as a preliminary study in terms of providing baseline data and methodology for determining a preliminary DRL specific to Korea. This may facilitate further dose-reduction protocols and radiationexposure monitoring. If, unexpectedly, increased radiation doses are detected by periodic monitoring, investigation of causative factors may be warranted. In addition there is continuous development of novel radiation reduction technologies such as new image processing technology with combined temporal and spatial noise reduction filters with automatic pixel shift functionality (22) . A proposed DRL would be of value in comparing radiation dose. Further studies at a national level with additional institutions and involving other radiological procedures would result in a more comprehensive national DRL. In addition, another limitation is the small number of operators, as radiation exposure distribution regarding neurointerventional procedures are highly operator dependent.
In conclusion, radiation dose as measured by DAP, fluoroscopy time and image frames did not differ significantly from other reported DRL studies regarding cerebral angiography, and DAP was lower with fewer angiographic image frames regarding aneurysm embolization. This work represents one of the largest studies of patient radiation dose during cerebral angiography and embolization of intracranial aneurysm, and permits a baseline data for further monitoring at our institution after future implementation of a dose-reduction protocol, inter-institutional comparison for quality control, and initial proposal of values for a reference level in Korea. A national registry of radiation-dose data is a necessary next step to refine the reference level.
